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1 ≤ i ≤ 4 Í ¨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n = 16 Í
jkvxWe²
• ¶^LhWVdeWVv<jf~T~_`h_cbe^:Ub~mTacb 2n Ì¿~W^nbkhWª~§sAq x y Í ¬
• E _`hz¢*_coWW	¥Tg	acmno_`´fW]bfvÌº~WV^TbkhxWV~sAq x⊕ y Í ¬
• F b~_HGnWª~_c^fhxWdfWv]U+mTa`h_c}Tac_cgVjﬀh_cbe^UbA~TmTa`b (2n + 1) ¨
¢*_`hR
0 ∈ Z2n jfoobg	_ljﬀhWª~]¢*_¡hxR 2n ∈ Z∗2n+1
Ìº~WV^TbkhxWV~
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(c) Embedded multiplier with













































































































(2n · j) Ub~ (2n + 1) = (−j) Ub~ (2n + 1)
= 2n + 1− j, Ì¿X Í
¢*RTWvxW


















(2n + 1− x) Ub~ 2n _`­ y = 0,
(2n + 1− y) Ub~ 2n _`­ x = 0.





















(2n + 1− x) UbA~ 2n _`­ y = 0,

































(cL − cH + 1) UKb~ 2n _`­ cH > cL,


































































Modulo 2   adder











m1 = 0, 1, 2 or 3 pipeline stages
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y ∈ {1, . . . , 2n − 1} ¬H» WRnj´eW
xy
Ub~
2n ≥ xy ~_c´ 2n
⇔ xy UbA~ 2n − xy ~_c´ 2n ≥ 0
⇔ xy UbA~ 2n + 2n − xy ~_`´ 2n︸ ︷︷ ︸
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2n − xy ~_c´ 2n) Ub~ 2n
= (xy
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m2 and m3 = 0 or 1 pipeline stage
m1 = 0, 1, 2 or 3 pipeline stages
m1 + m2 + m3Latency: 
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(2n + 1)) · (2n UKb~ (2n + 1))) Ub~ (2n + 1)





































































































i + 1 < 2n
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 y = 0 ­°bfv x =
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0, y = 1
jk^P~
x = 1, y = 0
Ì






























(x = 0, y = 1),
0
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m2 and m3 = 0 or 1 pipeline stage
α = m1 + m2 + m3
m1 = 0, 1, 2 or 3 pipeline stages
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M ← xy UbA~ 2n Ì n «sn_¡h(_c^LhWdfWv Í
k 












































• ﬂ] x = y = 0 4 5 * 13	.-* M = 0 4
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2n = 1 7
• ﬂ] x = 0 	  y = 1 4 5 * 1>	 -P* M = 0 4 d0 =
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2n = 0 7
















2n = 90 7
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¬ ?_cUKUWVvUjk^n^ RnjeoË}Tvxbe}?bfoWV~ UKb~mna`b
(2n ± 1)
U+mTa`h_c}Tac_cgVjﬀh_cbe^©be}?Wvjﬀhbfvxomnor_c^TdUb~mTacbk vxWV~mngWV~µ}njevrhx_cjea
























i =xi · yn−i−1 · · · y0y¯n−1 · · · y¯n−i+

































































X 6= 2n jk^n~ Y = 2n,
(0, 0)
_`­

























a+ b ≥ 2n,
a+ b
_¡­


























α = m1 + m2 + m3 + m4Latency: 
n
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α ∈ {0, . . . , 3} α ∈ {0, . . . , 4} β ∈ {0, 1} γ ∈ {0, 1}
Output round Output round









(d) 8+1 rounds(c) 4+1 rounds(b) 2+1 rounds(a) 1+1 rounds
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j vWVde_lozhxWvª¨jk^P~ j UmTa`h_c}Ta`W¥Wvª¬){&}Taljk_c^LhW¥Lh sTacbAg_lo
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α = β = γ = 0 Í
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m1 m2 m3 m4 
"¿ Ä 
!  "º $  ;Ä "¿ Å
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(n+ 1)× (n+ 1) UmTa¡hx_`}na`_cWv Ł Ł Ł 	 25  15.8
 Ê Xk¹]XfkŁﬀ¶¤













(n+ 1)× (n+ 1) UmTa¡hx_`}na`_cWv    	 25  6.3
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(n+ 1)× (n+ 1) UmTa¡hx_`}na`_cWv    	 177 	 22.5
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(n+ 1)× (n+ 1) UmTa¡hx_`}na`_cWv X   	 305 	 15.2

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(n+ 1)× (n+ 1) UmTa¡hx_`}na`_cWv @   	 314 	 14.6
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(n+ 1)× (n+ 1) U+mTa`h_c}Tac_`WVvsnjforWª~
be}?Wvjﬀhxbevª¨  Ê Xﬀ¹]eŁeŁ
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QjesTa`WZ@T² Ê Rnjevxjfg9hxWvx_corh_lgo*be­wbemTv]jkvgRT_`hWVg	hmTvxWVo(­°bevhRTW+hRTvxWWU+mTa`h_c}Tac_`WVvsPjeoWV~ 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(n+ 1)× (n+ 1) U+mTa`h_c}Tac_`WVv "  3077 Ì¿¤eŁ * Í @k 7.5 ∼ 8.5













(n+ 1)× (n+ 1) U+mTa`h_c}Tac_`WVv !  1983 Ì¿¤k"* Í V 7.7 ∼ 4.1













(n+ 1)× (n+ 1) U+mTa`h_c}Tac_`WVv "  8745 Ì A * Í 	 22.9 ∼ 2.8
(bkhxWhRnjkh
max(2Pi+1 + Pi) =
n−1∑
j=0




= 2n − 1 + 2 · (2n − 1)





















= 22 · (2n+1 + 2n − 3) + 2n+1 + 2n − 3
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_lo j RT_cdeRTacq"UbA~TmTacjev je^n~"vxWVgbe^
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PP0 = x  *y0
PP1 = x  *y1 PP3 = x  *y3
PP2 = x  *y2 PP4 = x  *y4
PP5 = x  *y5
PP6 = x  *y6
PP7 = x  *y7
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